We herein report a case of pulmonary tumor embolism caused by hematogenous metastasis that mimicked pulmonary thromboembolism in a 62-year-old Japanese woman with a history of uterine corpus carcinosarcoma. The case suggests that tumor embolism must be included in the differential diagnoses of respiratory symptoms in patients with a history of malignancy. It also illustrates the usefulness of such findings as beaded, dilated pulmonary arteries by computed tomography (CT) and high 18 F-fluorodeoxyglucose (FDG) uptake by fusion FDG positron emission tomography/CT imaging for differentiating a pulmonary tumor embolism from pulmonary thromboembolism.
Introduction
The differential diagnoses of respiratory symptoms in patients with a history of malignancy include infection, lung metastasis, and lymphangitic carcinomatosis. Patients with malignancy sometimes develop hypercoagulopathy, deep venous thrombosis, and pulmonary thromboembolism. In general, pulmonary embolism is a type of thromboembolism; however, the emboli may be either thrombotic, or less frequently, nonthrombotic. Rarely, tumor cells may invade and occlude the pulmonary arteries and induce a pulmonary tumor embolism. This condition often develops as pulmonary tumor thrombotic microangiopathy (PTTM) and rarely as a massive embolism within the proximal pulmonary artery. We herein report a case of tumor embolism caused by hematogenous metastasis of uterine corpus carcinosarcoma that was detected by computed tomography (CT) findings of beaded, dilated pulmonary arteries and fusion 18 F-fluorodeoxyglucose positron emission tomography/CT (FDG PET/CT) imaging showing a high FDG uptake.
Case Report
A 62-year-old Japanese woman with a history of radical hysterectomy for carcinosarcoma of the uterine corpus, with pathological staging of T1cN0M0, was admitted with a cough and hemoptysis 28 months postoperatively. She had developed a pulmonary embolism 18 months postoperatively and had been treated with warfarin. Chest CT scans revealed pulmonary emboli in the right main pulmonary artery and the middle and lower lobar arteries. The patient also had a history of type 2 diabetes and took 1 mg glimepiride daily.
On physical examination, the patient was not in acute distress. Her vital signs were within the normal limits. Positive findings included an increased intensity of P2 and mild dilatation of the jugular vein. Initial laboratory tests revealed that the prothrombin time-international normalized ratio (PT-INR) was 1.36 and the D-dimer level was 1.01 μg/mL. Ultrasound cardiography showed mild dilatation of the right atrium and ventricle, and a slightly high estimated pulmonary artery systolic pressure (41 mmHg). Contrast-enhanced chest CT scans showed filling defects within the right main pulmonary artery and the middle and lower lobar arteries Figure 1 . Chest CT scans at the first admission (a-c) showed filling defects within the right main pulmonary artery, as well as the middle and lower lobar arteries in the right lung. CT scans at the second (d-f) and third (g-i) admissions showed beaded, dilated pulmonary arteries corresponding to the intraluminal filling defects. The mass on the dorsal side of the right lower lobe was connected to the main pulmonary artery, and was thought to be a branch of the abnormally distended pulmonary artery (i).
( Fig. 1a-c) ). A technetium-99 m macroaggregated albumin ( 99m Tc-MAA) perfusion scan showed a lack of perfusion in the right middle and lower lobes. Deep venous thrombosis was not detected by Doppler ultrasound.
We considered the hemoptysis to be associated with pulmonary thromboembolism. After the hemoptysis had stopped, the patient was discharged when the PT-INR increased to the therapeutic range (post-admission day 7). Two months after the first admission, the patient returned to the emergency department because of hemoptysis. She had respiratory failure with an oxygen saturation (digital pulse oximetry) of 88% while breathing ambient air at rest and a respiratory rate of 24 breaths per minute. Chest CT scans revealed a ground-glass shadow with centrilobular distribution especially in the right lower lobe (lung window, not shown), suggesting aspiration of blood, and a beaded and mildly dilated pulmonary artery was noted between the right main pulmonary artery and the middle and lower lobar arteries (mediastinal window; Fig. 1d-f) .
Bronchoscopy, performed after the anticoagulation therapy was stopped, did not reveal the source of bleeding. Observation alone showed improved infiltration on her chest radiograph and ameliorated respiratory conditions. We thought that this desaturation had been caused by an alveolarcapillary block with blood aspiration, and not by a V/Q mismatch with progression of pulmonary tumor embolism. After the hemoptysis and respiratory failure improved, anticoagulation therapy was reinitiated, and the patient was discharged and scheduled for follow-up bronchoscopy in the outpatient clinic.
Two months after the second admission, the patient again developed hemoptysis. Contrast-enhanced chest CT scans revealed beaded and obviously dilated pulmonary arteries in the lower lobe (Fig. 1g-i) . We therefore suspected a pulmonary tumor embolism. Fusion FDG PET/CT imaging showed high FDG uptake (Fig. 2a) at the sites of the pulmonary embolism, thus suggesting it to be a pulmonary tumor embolism. The patient underwent a right middle and lower lobectomy. The resected specimens of the right middle and lower lobes showed a distended right main pulmonary artery and obviously dilated lower and middle lobar arteries (Fig. 2b) , with an endoluminal yellow-white tumor embolus (Fig. 2b, c) . A histopathological examination revealed that the lumens of numerous small pulmonary arteries were filled with tumor cells (Fig. 2d ) consistent with carcinosarcoma of the uterine corpus. Lymph node metastasis, generalized lymphatic dissemination, and pulmonary infarction were absent.
After the lobectomy, we proposed adjuvant chemotherapy; however, the patient chose only observation. Her condition deteriorated over time, and 12 months after the lobectomy, she died of multiple lung metastases and respiratory failure.
Discussion
Uterine corpus carcinosarcoma, also known as malignant mixed Mullerian tumor, is an uncommon neoplasm with a poor prognosis. Advanced or recurrent cases are associated with an especially poor prognosis, despite surgical resection and chemotherapy (1) .
Pulmonary thromboembolism is difficult to diagnose by chest radiography, because normal findings are usually obtained. Its clinical symptoms and severity vary on a case-bycase basis: it may range from asymptomatic disease to death by hemodynamic collapse. The treatment for this condition depends on the severity of the hemodynamic state, and includes anticoagulant therapy, thrombolytic therapy, and medical or surgical embolectomy (2-4). However, in patients with a history of malignancy, an embolism may be caused by not only thrombi, but also tumor cells (5-7).
Enhanced chest CT does not enable differentiation between pulmonary thromboembolism and pulmonary tumor embolism, because it often reveals only filling defects in the pulmonary arteries (8, 9) . Further, anticoagulant and thrombolytic therapies are not fundamental, but only supportive, for pulmonary tumor embolism. Therefore, alternative treatments such as resection, chemotherapy, or radiation therapy for the malignancy itself should be considered for the management of pulmonary tumor embolism.
Kane et al. (10) and Winterbauer et al. (11) described four basic types of pulmonary vascular involvement by tumor emboli: (i) large tumor emboli occluding either the main pulmonary arteries or the large lobar and segmental branches, which can produce acute pulmonary hypertension; (ii) pure microscopic tumor emboli involving the small arteries or arterioles, which often cause progressive dyspnea and subacute pulmonary hypertension; (iii) pulmonary microvascular invasion as a part of generalized lymphatic dissemination (lymphangitic carcinomatosis), which may lead to diffuse interstitial infiltrates; (iv) and combinations of these three mechanisms. Another type of pulmonary tumor embolism is known as PTTM, a term proposed by von Herbay et al. (12) . Tumor cells may progress from lymphatic ducts, via the thoracic lymph duct and superior vena cava, to the pulmonary circulation. In the early stage, tumor cells occlude small pulmonary arteries. Such obstruction causes cell-mediated immune responses, which induce medial hypertrophy with cellular intimal proliferation and thrombosis, leading to narrowing and occlusion the vascular lumens. Within a few days, pulmonary hypertension, cor pulmonale, or death may occur.
Although many cases of PTTM have been reported, tumor embolism of a large, proximal pulmonary artery has rarely been described (11) (12) (13) . Further, because the prevalence of tumor embolism of a pulmonary artery is low, an antemortem diagnosis is rare. PTTM has been found during autopsy in approximately 0.9-3.3% of patients with malignant tumors (14) . As a tumor embolus in a large pulmonary artery is rarely diagnosed either antemortem or postmortem, its frequency is unknown.
In the present case, the pulmonary embolism was detected 18 months after the operation. Proximal embolization with a tumor is often accompanied by the acute onset of symptoms and invasion of the vena cava by the primary tumor (11) . However, in this patient, neoplastic invasion of the vena cava and acute onset of symptoms were not observed. An acute, large pulmonary embolism is considered to be symptomatic condition. However, our patient did not show symptoms of embolism during the entire course of the study, and autopsy revealed that the embolus in the pulmonary artery was mainly composed of tumor cells. Therefore, it is unlikely that a pulmonary thromboembolism occurred first, followed by the deposition of tumor cells in the thrombus, which then progressed to the proximal end of the artery. Instead, we believe that the large asymptomatic tumor embolism developed because of the adhesion of tumor cells to the inner wall of the peripheral pulmonary artery, followed by their progression to the proximal end of the artery.
For the diagnosis of tumor embolism of a large, proximal pulmonary artery, the following findings are necessary: a beaded, dilated pulmonary artery on CT scans (15) , high FDG uptake corresponding to the sites of embolism on FDG PET/CT images (16) (17) (18) , and the presence of tumor cells by cytology with right heart catheterization (19) . Among these tests, the latter two are performed only when tumor embolism is suspected. Recently, enhanced chest CT has been considered the gold standard for diagnosing pulmonary embolism. Clinical suspicion of tumor embolism is important so that the latter two tests will be performed, and so that the pulmonary tumor embolism can be differentiated from a pulmonary thromboembolism. Therefore, a beaded, dilated pulmonary artery on CT scans is the first important finding to diagnose pulmonary tumor embolism. This finding is very rare, and CT has low sensitivity. However, the finding is specific for tumor embolism; therefore, physicians should be familiar with it, especially as the sensitivity of CT continues to improve.
Second, FDG PET/CT imaging is useful to distinguish pulmonary tumor embolism from pulmonary thromboembolism. However, acute thromboembolism may also show high FDG uptake, which is caused by focal inflammation and necrosis of the intravascular wall, accompanied by aggregation of leukocytes on the endothelial surface (20, 21) . In 13 cases of pulmonary thromboembolism, the mean standardized uptake value (SUV) of vessels without thrombi was 1.15 ± 0.38 (range, 0.42-1.64), and pulmonary thromboembolism had a slightly increased mean SUV of 1.65 ± 0.61 (range, 0.45-3.03) (21) . On the other hand, reports have shown that pulmonary tumor emboli can have an obviously increased FDG metabolism: a SUVmax of 7.8 was reported in a case of osteogenic sarcoma (16), a SUVmax of 8.2 in a case of choriocarcinoma (17) , and a SUVmax of 7.3 in another case of choriocarcinoma (18) . The FDG uptake is lower in acute pulmonary embolism than in pulmonary tumor embolism, which shows a high FDG uptake similar to a primary tumor. Therefore, a high FDG uptake area corresponding to the sites of embolism is indicative of tumor embolism.
Finally, right heart catheterization is needed to make a definite diagnosis. In cases of PTTM, pulmonary wedge aspiration cytology specimens can be obtained by placing a pulmonary artery catheter in a wedged position. In tumor embolism of a large, proximal pulmonary artery, aspiration cytology specimens can be obtained after embolectomy. However, a negative finding by pulmonary artery aspiration cytology does not exclude a diagnosis of pulmonary tumor embolism.
In conclusion, we could not diagnose the present case as pulmonary tumor embolism at the first admission, despite the use of chest CT, because tumor embolism of a large, proximal pulmonary artery is very rare and the arterial dilatation was mild in the early stage. This case suggests that pulmonary tumor embolism should be suspected in patients diagnosed with pulmonary embolism, especially after a history of malignancy. Furthermore, a beaded, dilated pulmonary artery on chest CT scans and high FDG uptake by FDG PET/CT imaging are valuable findings to diagnose tumor embolism.
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